Cerebral blood flow (CBF), measured by the noninvasive xenon-133 inhalation method, EEG, and plasma levels of ammonia (NH3) and free tryptophan were determined in 18 hospitalized cirrhotic patients af fected with subclinical hepatic encephalopathy, as diag nosed by the Kurtz test. CBF results were significantly lower (p < 0.001) in the patients' group as compared with a sexand age-matched normal control popUlation, al though seven patients had values in the normal range. NH3 was increased only in six, while free tryptophan was Brain impairment often supervenes during chronic liver disease (Hoyumpa and Schenker, 1982; Crossley et al., 1983; Jones et al., 1984; Fraser and Arieff, 1985) leading to the well-known hepatic encephalopathy syndrome. Until the advanced stage of liver disease, mainly cirrhosis, is reached, only few patients present an overt clinical picture whereas, in about 60-70% (Jones et al., 1984) of them, brain impairment is so mild that clear clinical symptoms are lacking. This condition, known as subclinical hepatic encepha lopathy (Sherlock, 1985), may be discovered only by means of an appropriate neuropsychological evaluation (Shomerus et aI., 1981).
increased in all but two patients. A significant negative correlation (p = 0.02) between CBF and free tryptophan was found, even though it appears to be difficult to inter pret. We suggest that CBF impairment in some cirrhotic patients with subclinical hepatic encephalopathy may be related to the systemic metabolic derangement caused by the liver disease; free tryptophan could have some impli cation in producing CBF reduction . Key Words: Cerebral blood flow (CBF)-Free tryptophan-Ammonia (NH3)-Subclinical hepatic encephalopathy. rhosis. One of the most investigated factors during the last years has been the increase in aromatic to branched chain amino acids ratio (Bode and Schafer, 1985) . The total tryptophan (one of the ar omatic amino acids) concentration in the plasma changes but little in patients with hepatic encepha lopathy (Holm, 1976; Rosen et aI., 1977; Ono et al., 1978; Schafer et al., 1981) , while the level of free tryptophan (the fraction not bound to plasma al bumin) increases appreciably (Yoshida and Hir ayama, 1980; Cascino et al., 1982) . This compound, which is diffusible through the blood-brain barrier (Mans et aI., 1979) , can lead to the enhanced syn thesis of serotonin (Wooley, 1962) , an inhibitory neurotransmitter (Munro et al., 1977; James et al., 1979) with vasoconstrictive effects on cerebral vessels (Griffith et al., 1982; Douglas, 1985; Houston and Vanhoutte, 1986; Bode and Schafer, 1985) .
Also disturbed metabolism of ammonia (NH3) is presumably one of the major contributory precipi tating factors of hepatic encephalopathy. NH3 was shown to enter the central nervous system and its increased concentration was related to the develop ment of encephalopathy (Lockwood, 1985) . Am monia intoxication presumably leads to a distur bance in the energy metabolism of areas of the brain implicated in the maintenance of normal con sciousness (Holm et aI., 1982) and reduced ATP concentrations in the brainstem, at least in the rat (McCandless and Schenker, 1981) .
The above-mentioned factors and many others are the consequence of the systemic metabolic de rangement that occurs during cirrhosis, presumably affecting brain metabolism, particularly during he patic encephalopathy.
Therefore, since cerebral blood flow (CBF) and cerebral metabolism are closely coupled (Raichle et aI., 1976) , CBF measurement was also employed in the assessment of brain function in cirrhosis (James et aI., 1969; Morgan et aI., 1980; Rodriguez et aI., 1983; Bories et aI., 1985) .
The aim of the present report was to study re gional cerebral blood flow (rCBF) in patients with cirrhosis of the liver and subclinical hepatic en cephalopathy. Moreover, the plasma levels of NH3 and free tryptophan were assessed and correlations with CBF values were sought.
PATIENTS AND METHODS
A total of 18 patients with biopsy-proven alcoholic cir rhosis of the liver and subclinical hepatic encephalop athy, 16 men and two women, aged 40-75 years, were selected from a series of consecutive hospitalized cir rhotics.
Subclinical hepatic encephalopathy was ascertained by means of the Kurtz test (Lehrl et aI., 1974) , providing the degree of neuropsychological impairment by nine items. The total score for this test, as normalized on a sample of Italian patients taking age and IQ into account, is consid ered to be normal between 0 and 5. The test was carried out always by the same psychologist (A.G.), in a silent environment.
The Child-Turcotte (Christensen et al., 1984) degree of cirrhosis was A in 10, B in seven, and C, in one case. All patients had given up drinking alcohol for more than 1 month. Nutritional status (impaired in six cases) was evaluated on clinical grounds only. The standard diet was 50 g protein daily. Ascites was present in 13 patients, who were taking 100-300 mg/day spironolactone; the drug was suspended on the day of the study. No patient showed signs of heart or respiratory failure, severe anemia, arterial hypertension or hypotension, or had re cent digestive bleeding. The findings of the neurological examination were normal in all cases.
Informed consent was obtained from each subject par ticipating in the study.
After a 12-h overnight fast, a blood sample was drawn for routine blood tests (mean values and standard devia- tions are shown in Ta ble 1); NH3 and free-tryptophan were both assessed within 1 h after venipuncture. NH3 was measured by the enzymatic method (Monotest Am monia, Boehringer); free tryptophan was evaluated, after serum ultrafiltration for 30 min at 1000 g in an ACF-50 Diaflomembrane cone, using the fluorimetric method (Guilbault and Froehlich, 1973) .
EEGs were recorded with closed eyes and evaluated by the same operator (G.R.). The electrodes were placed according to the 10-20 international system. Scores were ascribed according to the presence of abnormalities: de gree 0, normal EEG; degree 1, slowing of the alpha rhythm; and degree 2, presence of theta activity. CBF was measured by the xenon-133 inhalation method (Obrist et al., 1967 (Obrist et al., , 1975 at rest using 32 de tectors (16 on each hemisphere) placed radially to the skull in a helmet construction. Expired end-tidal Peo2 was monitored by a Goddard Mark II capnograph. All subjects were normocapnic (mean Peoz = 38.8 ± 3.4). The mixture of air and xenon 133 (6/7 mCi/L) was admin istered through a facemask. Washout curves were sub jected to two-compartment analysis (Obrist et al., 1975) using a digital PDP 11/04 computer. In the present report, only the initial slope index (lSI) was considered, this pa rameter being regarded as the most reliable when ex ploring cerebral pathology (Risberg et aI., 1975) . Control values were assessed in 18 healthy volunteers, matched for sex and age (mean Peo2 = 38.2 ± 2.7). As suggested by others (Blauenstein et al., 1977) , lSI values were never corrected for the individual Peoz levels.
Statistics
Average across subjects and standard deviations were computed for each probe as well as for the mean hemi spheric lSI values. Mean global lSI values (average of values from both the hemispheres) were also computed. Patient and control values were compared by Student's unpaired t test.
"Z statistics" (Dowie and Heath, 1974 ) was used to compare the regional and hemispheric values of each pa tient with the corresponding averaged values from the control group.
Linear regression analysis was employed to evaluate the statistical significance of correlations between couples of the following variables: global mean lSI values, NH3, and free tryptophan.
RESULTS
The t-test comparison revealed reduced mean hemispheric lSI values in the patients' group as compared with the age-matched normal group (p < 0.001); regional values' analysis failed to show any particular pattern of flow reduction ( Table 2) .
Impaired global lSI values were found in II cases.
Mean global lSI, EEG score, plasma free-trypto phan, and NH3 levels of each patient are presented in Ta ble 3. Abnormal levels of free tryptophan and NH3 were found in 16 and 7 cases, respectively.
The regression analysis showed a significant neg ative correlation between lSI and free-tryptophan levels (p = 0.02; Fig. 1) and between NH3 and free tryptophan (p < 0.02), while no significant correla tion was found between NH3 and lSI values.
In the 13 ascitic patients, average lSI values were 43.2 ± 5.5; in the five nonascitic patients they were 43.1 ± 6.4. In the seven poorly nourished patients, lSI was 43.4 ± 4.0, while in the remaining 11 it was 42.1 ± 6.2.
DISCUSSION
The significantly lower (p < 0. 001) lSI values found in our cirrhotics agree with previous results (James et al., 1969; Morgan et al., 1980; Rodriguez et al., 1983) but not with those from Bories et al. (1985) , who reported normal CBF values in cir- Despite the high statistical significance of the lSI reduction in the patients' group, global CBF values presented a different picture when considered in each subject. Indeed, in 11 patients CBF was signif icantly reduced, while in the remaining seven it fell in the range of controls. In these patients, a less damaged blood-brain barrier (BBB) limiting the amino acids' diffusion into the brain or the compe tition between different amino acids (Cascino et aI. , 1982; Goldstein, 1984; Hawkins et ai. , 1984) crossing it, may explain the difference we found in CBF values. This means that CBF reduction could have some implication in subclinical hepatic en cephalopathy, but its diagnostic relevance needs further investigation.
It should be stressed that CBF was more sensi tive than EEG in our patients, only six of whom showed slight EEG abnormalities.
It may be objected that the CBF reduction pre sented here is the consequence of alcohol con sumption rather than of cirrhosis and subclinical hepatic encephalopathy. Indeed, a reduction of CBF in alcoholics has been reported (Heiss et aI. , 1976; Berglund and Ingvar, 1976; Kruger and Hoyer, 1979; Berglund and Risberg, 1981) up to 3-5 days after alcohol withdrawal, followed by normal values in the successive weeks (Ishikawa et aI. , 1986; Hata et aI. , 1987) . In our patients, absti nence from alcohol, at the time of the study, had lasted for 1 month or longer and, although we cannot exclude completely a direct alcohol effect on CBF levels, it seems reasonable that the CBF reduction in our series is due to chronic liver dis ease itself.
Free tryptophan and NH3 correlate (p < 0.02) in our series, probably as a consequence of liver dis ease. Moreover, it is likely that an interaction be tween the two substances exists and, as suggested by others (Grippon et aI. , 1986) , NH3 could in crease the amount of free tryptophan crossing the BBB.
The finding of high free-tryptophan plasma levels was in agreement with other reports (Ono et aI. , 1978; Yoshida and Hirayama, 1980; Sukkar et aI. , 1983) . The statistically significant (p = 0.02) negative correlation between plasma free-tryptophan levels and CBF values is interesting, but this does not demonstrate that free tryptophan is the cause of CBF reduction; indeed CBF reduction might de pend upon multiple unexplored factors, free trypto phan being only one of them.
Moreover, since our data lack liquoral concen trations of free tryptophan and serotonin, no con clusion can be drawn concerning their effect upon the brain tissue and its metabolic rate.
In conclusion, this study showed a CBF reduc tion in cirrhotic patients with subclinical hepatic encephalopathy. Furthermore, the negative correla tion between CBF and free-tryptophan plasma levels needs further investigation.
